The authors carried out more than 20 yr of follow up studies of vibration-induced white finger (VWF) from the time of cessation for the use of chainsaws. These results were presented at the 8th International Conference of Hand-Arm Vibration 1) . It is not uncommon for vibration exposed workers to report difficulty in hand gripping, either due to reduced dexterity or reduced grip strength 2, 3) . With respect to manipulative dexterity impairment it seems that the muscular weakness may be partly due to a disturbance of the fine control of the hand muscles. The sensorineural staging includes this dysfunction for severe stage (3SN) proposed by Brammer et al. 3) . Although there were a small number of observational studies which have indicated reduction of manipulative dexterities in the patients with VWF 4, 5) . It is important to evaluate and treat the patient with this problem from the view of the quality of life. The authors conducted the cross-sectional designed case-control study of the manipulative dexterities and activity of daily living on the basis of follow up studies among the VWF patients.
Subjects and Methods
A total number of 256 workers who had been affected by VWF during the period 1955-82 were followed up to observe the consequences of VWF. These subjects were selected from a total of 1,586 chain saw operators who had used chain saws as a professional operator during some of the years from1955 to 82 in the national forests on Kyushu Island, Japan. All of these suffering workers have received treatment by the physicians under the guidelines established by the Japanese Forestry Agency.
Those who have suffered from neurological complicated disorders (mainly cerebrovascular diseases, diabetes mellitus) among them were excluded from the study subjects because of their neurological sequels. As control population, 143 males who were living in a mountainous village and have never experienced VWF attacks were selected and matched for the age above 65 yr (mean age: VWF group 71.2 ± 6.3, control group 75.7 ± 6.8).
Manipulative dexterities consist of 10 items of hands or fingers and 9 items of wrist arm joint, legs and waists for subjective evaluation according to the Banister's method 4) . The activity of daily living consists of 6 items of international standardized evaluation methods 6) . Each item was verified by asking each subject to complete a questionnaire. Present VWF was verified by asking each subject to complete a questionnaire and past history of VWF was ascertained by each persons past medical records. The statistical analysis of the percentage prevalence between the case and the control was performed using the chi-squared test. Statistical significance was noted if the p-value was less than 0.05. All analysis were carried out using SPSS statistical software.
Results
The prevalence of reduction of manipulative dexterity is presented in the Table. 1. In general, 30-60% of the patients complained of deterioration to some extent which was significantly higher than the control group. The prevalence rate of the symptoms increased according to the age. As well subjective differences were observed by age group. The relationship between the total score of manipulative dexterity (given one point to each item) and the severity of VWF is presented in the Table 2 . The past history of VWF shows a relatively close relationship with the total score, although, it is not significant. Table  3 shows the severity of VWF and the prevalence of the reduction of manipulative dexterities. In this result, reduction means the reduction by more than 10 scores of 19 items of manipulative dexterities. The prevalence rate increase significantly according to the severity of VWF according to the Stockholm Workshop Scale. On the other hand, "Independent" of ADL ability accounts for more than 95% of the patients and no difference was observed for the rate of "Independent" between the patient group and the control group as shown in Table. 4.
Discussion
Impairment of grip strength is a common complaint among the subjects who have had prolonged hand-arm vibration exposure over many years. The sensorineural staging does not include this function and it has to be evaluated separately [7] [8] [9] [10] . The impairment does not diminish when vibration exposure is reduced or avoided 11) . The impairment in grip strength is due to a neuromuscular fault causing incomplete muscle contraction, since muscle volume remains normal. With respect to manipulative dexterity impairment, it seems that the muscular weakness may be partly due to a disturbance of the fine control of the hand muscles. As to the Stockholm Workshop Classification, stage 2 which is defined as intermittent or persistent numbness, and reduced sensory perception needs to be confirmed by the subject tests for tactile, esthesiometric and vibrotactile perception. Stage 3, intermittent or persistent numbness, 10 1) The score of the 10 items using hand fingers, 2) The score of the 9 items using wrist arm joint, legs an waists reduced tactile discrimination and/or manipulative dexterity requires additional tests.
In the earlier studies, the authors confirmed that the reversibility of VWF seems to depend on its severity 12) . A fairly large number of stage 3 cases of VWF are irreversible and continue to experience almost the same white finger symptoms more than 20 yr after the use of chain saw has ceased. In this study, significant difference was found regarding each rank of manipulative dexterities. This result can be useful to evaluate this impairment for the patients with VWF. Impaired manipulation interferes with both the social and workrelated activities of VWF patients.
